Abstract. Using one high dispersion high quality spectrum of Vega (HR7001, A0V) obtained with thé echelle spectrograph SOPHIE at Observatoire de Haute Provence, we have measured the centroids of 149 flat-bottomed lines. The model atmosphere and spectrum synthesis modeling of the spectrum of Vega allows us to provide identifications for all these lines. Most of these lines are due to C I, O I, Mg I, Al I, Ca I, Sc II,Ti II, Cr I, Cr II, Mn I, Fe I, Fe II, Sr II, Ba II, the large majority being due to neutral species, in particular Fe I.
Introduction
Vega (HR 7001), the standard A0V spectral type, is one of the 47 northern slowly rotating early-A stars studied by Royer et al. (2014) . The low projected rotational velocity of HR 7001, about 24 km s −1 is due to the very low inclination angle (i 0) while the equatorial velocity v e 245km s −1 is very large (Gulliver et al. 1994 ). Hence Vega is a fast rotator seen nearly pole-on whose limb almost coincides with the equator of the star. At the equator, the centrifugal forece reduces the effective surface gravity which alters the ionization balance and strengthens the local I λ profile of certain species. For these species, the distribution of the Doppler shift is bimodal, ie. arises from the two equatorial regions near the limb. We have measured all the centroids of all 149 flat-bottomed lines we could find in the high resolution SOPHIE spectrum of Vega. We have synthesized all lines expected to be present in the SOPHIE spectrum of HR 7001 in the range 3900 up to 6800Å using model atmospheres and spectrum synthesis and an appropriate chemical composition for Vega as derived by Castelli & Kurucz (1994) . The synthetic spectrum has been adjusted adjusted to the SOPHIE spectrum of HR 7001 in order to identify the flat-bottomed lines of HR 7001
Observations and reduction
A search of the SOPHIE archive reveals that HR 7001 has been observed 78 times at the Observatoire de Haute Provence using SOPHIE from 03 August 2006 to 06 August 2012. We have used one high resolution (R = 75000) 30 seconds exposure secured with a S N ratio of about 824 at 5000Å to search for the flat-bottomed lines.
Model atmospheres and spectrum synthesis
The effective temperature and surface gravity of HR 7001 were first evaluated using Napiwotzky et al's (1993) UVBYBETA calibration of Stromgren's photometry. The found effective temperature T eff is 9550 ± 200 K and the surface gravity log g is 3.98± 0.25 dex. This temperature is in very good agreement with the fundamental temperature derived by Code et al. (1976) from the integrated flux and the angular diameter and with the mean temperature and surface gravity derived by Hill et al. (2010) .
SF2A 2017
A plane parallel model atmosphere assuming radiative equilibrium, hydrostatic equilibrium and local thermodynamical equilibrium was then computed using the ATLAS9 code (Kurucz 1992) , specifically the linux version using the new ODFs maintained by F. Castelli on her website * . The linelist was built starting from Kurucz's (1992) gfhyperall.dat file † which includes hyperfine splitting levels. This first linelist was then upgraded using the NIST Atomic Spectra Database ‡ and the VALD database operated at Uppsala University (Kupka et al. 2000) § . A grid of synthetic spectra was then computed with a modified version of SYNSPEC49 (Hubeny & Lanz 1992 , 1995 to model the lines. The synthetic spectrum was then convolved with a gaussian instrumental profile and a parabolic rotation profile using the routine ROTIN3 provided along with SYNSPEC49. We adopted a projected apparent rotational velocity v e sin i = 24.5 km.s −1 and a radial velocity v rad = −13.80 km.s −1 from Royer et al. (2014) .
Determination of the microturbulent velocity
In order to derive the microturbulent velocity of HR 7001, we have derived the iron abundance [Fe/H] by using 36 unblended Fe II lines for a set of microturbulent velocities ranging from 0.0 to 2.5 km s −1 . Figure 1 shows the standard deviation of the derived [Fe/H] as a function of the microturbulent velocity. The adopted microturbulent velocity is the value which minimizes the standard deviation ie. for that value, all Fe II lines yield the same iron abundance, which is [Fe/H] = -0.60 ± 0.07 dex. Hence iron is found to be underabundant in HR 7001 in agreement with previous abundance determinations (Castelli & Kurucz 1994) . We therefore adopt a microturbulent velocity ξ t = 1.70 ± 0.04 km s Most of the lines we find to be flat-bottomed are also listed in the investigation of weak lines conducted by Takeda et al. (2008) in their high signal-to-noise high resolution spectrum of Vega. 
Conclusions
A systematic search for flat-bottomed lines in the high resolution high quality SOPHIE spectrum of HR 7001 yields 149 lines in the range 3900Å up to 6800Å which complete the previous list published by Takeda et al. (2008) . Most of these lines are due to C I, O I, Mg I, Al I, Ca I, Sc II,Ti II, Cr I, Cr II, Mn I, Fe I, Fe II, Sr II, Ba II, the large majority being due to Fe I. 
